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METHODS OF MAKING AND ACCESSING
CABLES HAVING ACCESS FEATURES

RELATED APPLICATIONS

This application claims the benefit of priority under 35
U.S.C. §119 of U.S. Provisional Application Ser. No. 61/546,
597 filed on Oct. 13, 2011, the content of which is relied upon
and incorporated herein by reference in its entirety.

This application is related to PCT/US11/34309, filed Apr.
28,2011, and to U.S. Prov. App. No. 61/407,744, filed Oct.
28, 2010, U.S. Prov. App. No. 61/416,684, filed Nov. 23,
2010, and to U.S. Prov. App. No. 61/546,94, filed Oct. 13,
2011, each of which is incorporated by reference herein in its
entirety.

BACKGROUND

1. Field of the Disclosure

A fiber optic cable is disclosed, specifically a fiber optic
cable having access features for accessing a core of the fiber
optic cable.

2. Technical Field

Fiber optic cables frequently require that the fibers inside
are accessed mid-span rather than at an end of the cable. This
often requires extensive cutting of the cable jacket to enable a
portion of the jacket to be removed, allowing access to the
fibers inside the jacket. Conventional cutting tools, such as
box cutters or custom cutting tools, can be cumbersome and
dangerous, both to the operator and to the delicate optical
fibers. Rip cords in a cable jacket can be used for cable access,
but they add cost and require time and training in order for the
craftsman to use them properly. In one conventional access
process, a jacket is pierced using a first tool, and a second tool
is used to “fish” out enough of the rip cord so that a third tool
(e.g., pliers) can grasp the rip cord. A pull force must then be
applied to the rip cord, tearing it through the jacket material.
The jacket material is then peeled away from the cable core
and removed. Ifthe rip cord breaks, the cord must be “fished”
out again.

BRIEF DESCRIPTION OF THE DRAWINGS

According to common practice, the various features of the
drawings discussed below are not necessarily drawn to scale.
Dimensions of various features and elements in the drawings
may be expanded or reduced to more clearly illustrate the
embodiments of the invention.

FIG. 1 is a partial cutaway view of a fiber optic cable
according to a first embodiment.

FIG. 2 is a cross-section of the cable jacket illustrated in
FIG. 1.

FIG. 3 is an isolated cross-sectional view of one of the
discontinuities in the cable jacket of FIG. 2.

FIG. 4 is a cutaway view of a portion of a coextrusion
apparatus used to manufacture cables with discontinuities.

FIGS. 5A-5C illustrate a process for accessing the end of a
cable as illustrated in FIG. 1.

FIGS. 6A-6C illustrate a process for mid-span access for a
cable as illustrated in FIG. 1.

FIGS. 7A-7B illustrate a method of manually determining
peel force in the cable of FIG. 1.

FIG. 8 illustrates a method of determining peel force in the
cable of FIG. 1 using a force measuring machine.

DETAILED DESCRIPTION

Reference is now made in detail to the present preferred
embodiments of the disclosure, examples of which are illus-
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2

trated in the accompanying drawings. Whenever possible,
identical or similar reference numerals are used throughout
the drawings to refer to identical or similar parts.

FIG. 1 is a partial cutaway view of a fiber optic cable 10
according to a present embodiment. The cable 10 comprises a
core 20 surrounded by a jacket 30. The jacket 30 has an
interior surface 34 that faces the core 20, and an exterior
surface 38. The jacket 30 can be formed primarily from poly-
mer materials, and can be generally referred to as “poly-
meric.” In this specification, the terms “polymer” and “poly-
meric” indicate materials comprised primarily of extrudable
polymer materials such as, for example, copolymers, but
allows for the presence of non-polymer materials such as
additives and fillers. The core 20 can be, for example, an
assembly or arrangement having data-transmission and/or
power-transmission capabilities. In the illustrated embodi-
ment, the core 20 includes a bundle of optical fibers 40
bundled within contrahelically wound binders 44, 46, the
optical fibers being capable of conveying optical data.

The jacket 30 includes a separation feature that facilitates
access to the core 20. In the exemplary embodiment, the
separation feature is a pair of extruded discontinuities 50 that
extend along the length of the cable 10. In this specification,
the term “discontinuity” indicates a portion of the jacket 30 of
different material composition than the main portion of the
jacket 30, the main portion being indicated by reference num-
ber 55. The main portion 55 can essentially be an annular
hoop surrounding the core 20, with the discontinuities 50
extending longitudinally through the main portion 55 along a
selected length of the cable 10. According to one aspect, the
discontinuities 50 provide lines of weakness that allow the
jacket 30 to be separated as shown in FIG. 1. The illustrated
discontinuities 50 extend along the entire cable length,
although shorter lengths, such as 20 cm or more, may be used
to provide access to the core 20.

FIG. 2 is a cross-section of the jacket 30 in isolation, taken
on a plane perpendicular to a length of the cable 10. In the
exemplary embodiment, the discontinuities 50 are bonded to
the main portion of the jacket 55 when the jacket 30 is
extruded. The illustrated discontinuities 50 are wholly
embedded in the main portion 55, but one or both ends of the
discontinuities may extend to either jacket surface. The main
portion 55 and the discontinuities 50 can be formed from
extrudable polymers, so that as the extrudates used to form the
main portion 55 and the discontinuities 50 cool and solidify,
the extrudates become bonded to a desired degree at an inter-
face on each side of a discontinuity 50. When the disconti-
nuities 50 are formed while extruding the main portion 55 of
the jacket, the bond between discontinuity 50 and the remain-
der of the jacket 30 can be generally described as enabled by
polymer chain entanglement as the jacket 30 solidifies. The
jacket 30 accordingly comprises a cohesive composite poly-
mer structure. The cable jacket 30 can also include tactile
locator features 60, such as raised surfaces, or “bumps’, or
depressed surfaces such as ‘divots’ or channels, that provide a
tactile indication of the location of the discontinuities. A
visual indication such as a stripe could also be extruded over
the location of the discontinuities so that their locations are
apparent from the cable exterior. Tactile or visual indicators
can extend along the entire length of the cable, or along
selected lengths. One or more strength members, such as
glass-reinforced plastic (GRP) rods or metallic wires can be
included at one or more locations in the jacket 30.

The discontinuities 50 can be strips that may each occupy
up to, for example, 5% of the total jacket cross-sectional area
Al. In exemplary embodiments, discontinuities 50 can be
relatively narrow strips in the jacket 30, and may occupy
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relatively small portions of the jacket cross-sectional area AJ.
For example, the discontinuities 50 can have cross-sectional
areas AD that are less than 3% of AJ. In the illustrated
embodiment, the discontinuities 50 each have cross-sectional
areas AD that are less than 2% of AJ. In FIGS. 1 and 2, two
discontinuities 50 are formed in the jacket 30 to facilitate
opening of the jacket as shown in FIG. 1. Depending on the
form that the core 20 takes, the number, spacing, shape,
composition and other aspects of the discontinuities 50 can be
varied. For example, a single discontinuity in the jacket 30
may be sufficient to allow the cable jacket 30 to be peeled
away from the core 20.

FIG. 3 is an isolated view of one of the discontinuities 50 in
the jacket 140. A discontinuity 180 can have a maximum
width A, a height B, and a center spacing from the jacket
interior surface 34 of D. The jacket thickness is C. According
to one aspect, the aspect ratio A:B is in the range of 1:4 to
1:100. In general, lower aspect ratios A:B, which indicates
narrower discontinuities, are favorable in cable cross-sec-
tions as shown in FIG. 1. It is these discontinuities that allow
for a stress concentration to develop at the root of a disconti-
nuity and thus initiate failure of the primary jacket material.
The illustrated ratio B:C is about 1:2, which indicates that the
height of a discontinuity is about half of the jacket thickness.
The ratio B:C is selected to provide ease of access to the core
and to maintain sufficient robustness of the cable 110, and
will vary with factors such as the fracture toughness of the
material of the primary portion 55, the bond between the
discontinuities 50 and the primary portion 55, and other fac-
tors. According to one embodiment, the ratio B:C is at least
1:4, or, stated alternatively, B is at least Y4 of the jacket
thickness C at the centerline of the cable. If an extremely thin,
“film” type embodiment of discontinuity 50 is included, the
maximum width W of a discontinuity can be in the range of
0.2 mm or less, and may be about 0.1 mm.

The materials and processes used to form the main portion
55 and the discontinuities 50 can be selected so that the
interfaces therebetween allow for relatively easy access to the
core 20 by peeling back the jacket 30 as shown in FIG. 1. The
cable 10 may be constructed to meet other requirements for
robustness, such as requirements for the jacket 30 stay intact
under tensile loads, twisting, in temperature variations, and
when subjected to other known cable test criteria, such as, for
example, ICEA 460, and GR20.

The cable jacket main portions 55 and the discontinuities
50 described in this specification may be made from various
polymer materials. Either the main portion 55 or the discon-
tinuities 50 may be made from polypropylene (PP), polyeth-
ylene (PE), or blends of materials such as a blend of PE and
ethylene vinyl acetate (EVA), flame-retardant material such
as flame-retardant polyethylene, flame-retardant polypropy-
lene, polyvinyl chloride (PVC), or polyvinylidene fluoride
(PVDF), filled materials such as polybutylene terephthalate
(PBT), a polycarbonate and/or a polyethylene (PE) material
and/or an ethylene vinyl acrylate (EVA) or other blends
thereof having fillers like a chalk, talc, or the like, and other
materials such as a UV-curable acrylates.

In the exemplary embodiments, the main portion can be
extruded from a first extrudable polymeric material compris-
ing at least 80% of a first polymer, polyethylene, by weight,
and the discontinuities can be extruded from a second extrud-
able polymeric material comprising at least 70% of a second
polymer, polypropylene, by weight and additionally at least
0.5% of the first polymer polyethylene by weight. Higher
amounts by weight of the first polymer may be included in the
second material, such as at least 1.0%, or at least 2%. Without
being bound by theory, Applicants believe the bond between
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polypropylene and polyethylene may be caused by one or
both of quantities of ethylene that are compounded in the
polypropylene bonding with the polyethylene, and molecular
entanglement between the PE and PP. According to this
understanding, the amount of ethylene in the PP extrudate can
be increased to increase the bond between the discontinuities
and the remainder of the jacket. In one embodiment, the main
portion 55 is made from a first polyethylene extruded mate-
rial, such as a medium density polyethylene (MDPE). The
discontinuities 50 are made from a second, polypropylene/
polyethylene blend of extruded material, the blend including
from 6% to 20% polyethylene, with the remainder of the
blend being primarily a polypropylene material. The first
polymer material can be, for example, a unimodal or bimodal
type polyethylene defined by its molecular weight distribu-
tion, with the lower molecular weight polymer chains
increasing bond strength at the interface of the jacket and the
feature (through the process of promoting entanglements and
co-crystallization).

FIG. 4 is a cutaway section view of a coextrusion flow
diverter 300 that can be used in conjunction with an extrusion
crosshead commonly used to form an annular jacket such as
the jacket 30 shown in FIG. 2. The flow diverter can be a
modification of an existing component of an extrusion appa-
ratus. In such an extrusion apparatus, the extrusion tip and die
are directly downstream of flow diverter 300. The arrows 1 in
FIG. 4 illustrate the flow direction of a first molten extrudate,
and the arrows 2 indicate the flow direction of a second
molten extrudate. The flow diverter 300 has an exterior sur-
face 320 over which flows the first molten extrudate material
that is used to form the main portion 55 of the jacket 30. The
diverter 300 includes a pair of struts or fins 330, each having
a port 340 that allows introduction of the second molten
extrudate material used to form the discontinuities 50 into the
flow of the first molten extrudate. The flow diverter 300 acts
to divide the first material around the ports 340 supplying the
second material. The first and second extrudate materials join
downstream of the flow diverter 300. As the first and second
materials are extruded, a core (not shown) including one or
more optical fibers advances along the center line CL in the
process direction P. The first and second extrudate materials
draw down, cool, and solidify around the fiber optic core
advancing through the crosshead to form the jacket 30. The
tactile locator features 60 can be included by forming an
exterior radius in the extrusion die. If desired, strength mem-
bers, such as the strength members 66, can be introduced into
the extrusion process and embedded in the jacket 30.

FIGS. 5A-5C illustrate a process for accessing the end of a
cable as illustrated in FIG. 1. Referring to FIG. 5A, a techni-
cian uses a tool 500 such as side cutters or pliers to pinch the
cable is pinched across less than 180 degrees of arc of the
cable exterior, such as between of the features 60. The blades
of'the t0ool 500 are oriented to pinch the same side of the cable
10, as delineated by the locator features 60. Pinching one side
of'the cable 10 causes the cable jacket 30 to begin separating
at the discontinuities 50. Referring to FIG. 5B, after separa-
tion is initiated, a section 520 of the jacket 30 located between
the discontinuities 50 is pulled away from the remainder of
the jacket 30. Tearing can be facilitated by twisting the section
520. Referring to FIG. 5C, the technician tears the section 520
for a desired length using the tool 500. The core 20 is then
accessible for connectorization, etc.

FIGS. 6A-6C illustrate a process for mid-span access for a
cable as illustrated in FIG. 1. Referring to FIG. 6A, a techni-
cian uses a razor tool 600 to form a ring cut in the jacket 30
that is approximately ¥4 of the jacket thickness. The cable 10
is then flexed to break the remaining jacket material. While a
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razor blade tool is used in this step, it is the sole step in which
a very sharp bladed tool is used, as opposed to multiple steps
in conventional access methods. Referring to FIG. 6B, the
technician shaves the jacket at each of the two locator features
60 with a sheath removal tool 650. The tool can be, for
example, Corning Cable Systems’ Cable Sheath Removal
Tool, Catalog #RPXS-000. The jacket 30 only needs to be
shaved for approximately six inches, on only one side of the
ring cut line. Referring to FIG. 6C, the cable 10 is flexed to
initiate the separation of the two jacket halves. The core 20 is
then accessible for connectorization, etc.

According to the present embodiments, one or more dis-
continuities in a cable jacket can be arranged to provide
relatively easy access to a cable core. The ease of access can
be defined, for example, by the force required to pull, or peel
away a section of the cable jacket at one or more discontinui-
ties. The peel force can be measured as a direct force mea-
surement, in Newtons, of the force a person must exert as the
jacket section is peeled away from the cable core. It is under-
stood that the jacket will not be perfectly uniform, and that a
person or machine cannot exert a perfectly uniform force as
the jacket is peeled, so “peel forces™ described in this speci-
fication indicate an average force exerted as a distance of the
jacket section is peeled back. It is also understood that peel
forces according to the present embodiments are measured
without any additional modifications to the cable jacket exte-
rior, such as by scoring. The peel forces can be relatively low
when compared to the forces required to access a cable with-
out extruded discontinuities. For example, a peel force may
be less than about 90 Newtons (N). In exemplary embodi-
ments, the peel force required may be from about 20N to
about 65N. Peel forces are defined herein to include any force
great enough to cause the jacket material to rip, tear, or oth-
erwise separate along the discontinuities 50 for accessing the
cable core.

It is relatively easy to measure peel force. FIGS. 7A and 7B
steps in a method of illustrating peel force in the cable 10 of
FIG. 1. Using cable 10 as a reference, about 25 mm of jacket
is cut away from one end of the cable 10. The ends of the cable
10 are secured to a bench or other sturdy surface. A small hole
is placed in the jacket proximal to the edge of the jacket where
it was cut away from the core, as shown in FIG. 7A, and one
end of an “S” hook is inserted into the hole in the jacket. If the
cable includes a pair of spaced discontinuities, the hole is
formed midway between the two discontinuities. A lanyard or
wire is attached to the other end of the S hook. The lanyard is
fixed to a force gauge, such as a Chatillon gauge available
from Ametek Test and Calibration Instruments of Largo, Fla.
As shown in FIG. 7B, the force gauge is pulled by hand or by
some mechanical means, away from the cable at an angle of
45 degrees to the cable centerline, until the section of the
jacket attached to the S hook peels away from the rest of the
jacket. The jacket section is pulled for a distance of 250-500
mm away from the initial jacket removal location. The aver-
age peel can be calculated as the average force measured by
the force gauge as the jacket section is pulled along the
selected distance.

In an alternate method of measuring peel force, a force
testing machine, such as those available from Instron®, pulls
the section of cable away from the remainder of the cable at
angle of 90 degrees to the remainder of the cable 10. This
machine is shown in FIG. 8. The cable 10 is secured to a linear
slide that translates the cable beneath the portion of the
machine that is secured to the jacket section being peeled
away. In this arrangement, the cable 10 slides beneath the
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force gauge that measures the tension on the section being
removed, so that the section can be peeled away ata 90 degree
angle. The tension in the removable section can be averaged
over a desired distance to obtain the average peel force.

In general, the separation properties disclosed in this speci-
fication may be obtained by coextruding the discontinuities
from a different material than the material used to form the
main portion of the jacket. As an alternative method, the
discontinuities may be made from the same material as the
remainder of the jacket, but subjected to different curing
conditions, for example.

What is claimed is:

1. A method of making a cable, comprising:

advancing a core in a first direction, the core including at

least one optical fiber capable of conveying communi-
cation signals; and

extruding a jacket around the core, the extruding compris-

ing:

introducing a first polymeric extrudate material into the
extrusion apparatus;

introducing a first flow of a second polymeric extrudate
material into the first polymeric extrudate material
through a first port;

introducing a second flow of extrudate material into the
first polymeric extrudate material through a second
port;

forming a tactile indicator extending lengthwise along the

exterior of the jacket denoting the location of the second
polymeric extrudate material; and

allowing the first and second extrudate materials to draw

down and cool around the core, the first polymeric extru-
date material forming a main portion of the jacket, the
first flow forming a first discontinuity in the main por-
tion, and the second flow forming a second discontinuity
in the main portion, wherein the first and second discon-
tinuities are at least partially embedded in the main
portion and the core is located between first discontinu-
ity and the second discontinuity,
wherein a section of the jacket located between the first
and second discontinuities is separable from a
remainder of the jacket by a peel force on the section
of'less than 90 Newtons (N).

2. The method of claim 1, wherein the first discontinuity is
wholly embedded in the main portion, wherein the core fur-
ther comprises a bundle of a plurality optical fibers bundled
by a binder.

3. The method of claim 1, the jacket having an annular
cross-section with an interior surface and an exterior surface
with a jacket thickness therebetween from 0.5 mm to 2.0 mm,
and wherein a cross-sectional area of each discontinuity is
less than 5% of a cross-sectional area of the jacket.

4. The method of claim 1, wherein the first extrudate mate-
rial includes a first polymer and the second extrudate material
includes second polymer, the second extrudate material fur-
ther including between 1% to 20% by weight of the first
polymer.

5. The method of claim 1, further comprising advancing an
elongate strength member along the first direction, wherein
the jacket is extruded around the strength member.

6. The method of claim 1, wherein the first discontinuity
has a maximum width measured perpendicular to a radius
passing through the first discontinuity that is less than 0.2
mm.



